highlighting the most important impact factors and the associated potential industrial risks 1 (Piemonte Region and Regional Agency for the Protection of the Environment of Piemonte, 2 2013). The environmental balance provides a static representation of the analysed system in a 3 given time period, evaluating its eco-efficiency and highlighting bottlenecks as well as the 4 existing response strategies to environmental problems. In this process it is also possible to 5 evaluate the variations of the state of the environment by comparing the environmental 6 balances of different time periods, according to data availability and to identify the best 7 available technologies to improve system's performances. This logical framework allows 8 local authorities to move towards improving environmental quality through targeted actions 9 and to evaluate the effectiveness of the policies in place. Anyway, as any conceptual scheme, 10 a main drawback is the simplified representation of the environmental and social dynamics of 11 a territory that are actually very complex. In particular, it would be useful to exploit the 12 relationships among the indicators as well as to assign a priority to the different 13 environmental issues in order to determine the most effective actions (Naviglio et al., 2009) 14 This paper presents a preliminary environmental balance of the Alta Val d'Agri industrial area 15 providing stakeholders with an exhaustive framework in order to identify the anthropogenic 16 impacts of the industrial settlement as a whole as well as to outline a possible path towards its 17 sustainable development. This study shows an innovative application of the DPSIR, a well-18 established reference methodology to collect and process environmental data, in which 19 different aspects not fully addressed in previous studies were integrated. A preliminary 20 application of this methodology to an industrial area is reported in (Cosmi et. al. 2006) . fluid is collected, separated into crude oil, gas and water and further processed, undoubtedly 25 represents a significant source of environmental impact and important associated industrial 26 risks. Therefore, an in depth characterization of all anthropogenic impacts as a whole is 27 fundamental in outlining the framework on which interventions and recovery plans should be 28 developed. 29 2 The methodological approach 1 This study used an ad-hoc survey methodology to obtain a detailed characterization of the 2 industrial area as well as to outline and monitor the relationships between the anthropogenic 3 activities and the environment. 4
This methodology, based on the DPSIR model implemented by the European Environment 5
Agency (EEA, 1995) combines a qualitative and quantitative assessment to evaluate the 6 integrated effect of the dominant factors causing the main environmental impacts and to 7 assess their effects. This preliminary analysis was essential to identify the strengths and 8 weaknesses of the study area, the potential risks as well as to define strategies and measures 9 to promote its sustainable development. 10 A detailed survey of existing activities focussing on industrial activities was carried out 11 utilizing selected indicators. The indicators checklist was complemented by customized 12 questionnaires submitted to all the industries located in the study area (74,5% of respondents 13 corresponding to 88,4% of employers and about 60% of total energy consumption), aimed at 14 providing additional qualitative information for a thorough description of the industrial 15 activities including existing energy-environmental management systems. 16
The following provides a summary description of the DPSIR methodology and the selected 17 indicators are reported. 18
The DPSIR methodology represents an upgrade of the former PSR (Pressure-State-Response) 19 model adopted by the Organisation for Economic Cooperation and Development (OECD, 20 1994) . Its basic concept deals with the causality relationship among the pressures put forth by 21 human activities on the environment and its changes in terms of natural resources depletion 22 and degradation. 23
Specific indicators in this framework are used to monitor each stage of the DPSIR process, 24 constituting a sound database for policy making and assessment. These indicators are 25 essential in quantifying anthropogenic pressures and impacts and, consequently, in assessing 26 the state of environment in order to support policy evaluation studies and to provide key 27 information to end-users. In particular, the environmental indicators illustrate all the elements 28 of the causal chain between anthropogenic activities and their environmental effects as well as 29 community responses (Niemeijer et al., 2012) . 30 major integrated energy company in Italy, ENI is also the biggest operator in the Val d'Agri 1 (60,77% of exploitation concessions). ENI started its activity in Basilicata in 1996, with the 2 Monte Alpi production line, whereas COVA started its production in 2001. Currently there 3 are five production lines from 26 wells, with a maximum capacity of about 16.500 m 3 day -1 4 (about 104.000 barrels day -1 ) and 3.1 million Sm 3 day -1 of natural gas. 5
The extracted fluid is processed through a three-phase system that separates the oil extracted 6 into crude oil, gas and water. Crude oil is transported through an underground pipeline of 7 about 136 km length to the ENI refinery in Taranto, located in neighbouring Apulia region. 8 Natural gas, pre-treated at COVA, is delivered to the Società Nazionale Metanodotti (SNAM) 9 national grid (ENI, 2013) and the process wastewater is re-injected into the subsoil through 10 the Costa Molina Sud injection well. 11
The oil industry causes a high impact on all environmental matrices (air, water, soil), on 12 vegetation and wildlife, and ultimately on human health, during all of the processing phases, 13 from drilling to transportation. (Sviluppo Basilicata, 2011) 14 In fact, COVA is classified as a major hazardous plant (one of 10 hazardous plants located in 15 Basilicata) and should comply with the Seveso 3EU Directive (EU/2012/18) for the regulation 16 of major accident hazard sites in order to limit their consequences for human health and the 17 environment. In compliance with the Seveso 3EU Directive, COVA defined an emergency 18 plan and according to Intergovernmental Panel on Climate Change (IPCC) directives 19 (Directive 2008/1/EC), requested an Integrated Environmental Authorization (IEA, 2011) . 20
It should also be noticed that the oil fields are located in a high seismic risk area characterized 21 by a series of important active trans-current tectonic faults that make the territory particularly 22 unstable. In fact, according to (Basilicata Law n.9/2011), the Val d'Agri belongs to the 1b 23 vulnerability class characterized by a Peak Ground Acceleration (PGA) of 0.275 g and a 24 maximum magnitude of 5.8 and these geographic conditions contribute heavily to increasing 25 the vulnerability of the territory. 26
Preliminary Results and discussion 27

Driving Forces 28
A systematic collection of data on energy, environmental and socio-economic aspects was 29 performed to identify those activities that cause major impacts. Starting from the dataprovided by the Consortium for Industrial Development (ASI) of Potenza and taking into 1 account the European industrial activity classification (Eurostat, 2008) , a detailed socio-2 economic characterization of business activities was carried out. The summary results are 3 reported in Table 3 . 4
The characterisation of the industry sector pointed out the coexistence of medium and large 5 enterprises with a high level of technological innovation in the petrochemical sector and a 6 prevalence of micro-manufacturing firms. (Sviluppo Basilicata, 2011) . 7
Among the small and medium enterprises, the most relevant sectors in terms of employees are 8 manufacturing (small businesses), construction and related industries (stone processing, 9 production of lime and concrete, metal and wood carpentry), as well as professional, scientific 10 and technical activities. 11
The transport of materials and finished goods inside and outside the industrial area represents 12 one of the critical aspects with a significant impact on environment. In fact, due to the 13 absence of a railway, road transport is carried by truck along the SS 598 Fondo Valle 14 dell'Agri which connects the industrial area to the motorway. The truck traffic associated with 15 goods transport represents therefore a main source of environmental pollution being urban 16 traffic negligible. 17
Pressures 18
The use of material resources plays a crucial role in the generation of environmental pressures 19 directly caused by primary activities and indirectly through their feedback to the natural 20 environment in terms of air pollutants, water discharges, waste production and land use 21 (Eurostat, 2011) . 22
Resource productivity is the main indicator selected by the European Commission to monitor 23 sustainable consumption and production (Council of the European Union, 2006). 24
The Alta Val d'Agri industrial district covers an area of about 190 ha of which about 168 ha is 25 built-up, 34 ha is public green and about 6 ha is not suitable for building (ASI, 2012) . 26
The use of raw materials (typology and quantities) was estimated taking into account the 27 Legislative Decree n.152/99 tables (Legislative Decree n.152/99). The data provided by the 28 ASI, referred to a sample of 13 companies, was integrated and extrapolated to 2013 utilisingVery detailed data concerning water use was provided by the Aziende Riunite Gestione Aree 1 Industriali Potentine (ARGAIP, 2012), a consortium of companies responsible for the 2 operating and maintenance of industrial plants. Water consumption for industrial and civil 3 uses by sector are shown in Fig 2 and on ARPAB data). Manufacturing activities and, more specifically, machineries and equipmentwhereas mechanical activities produce a large amount of hazardous waste (emulsions and 1 solutions for machinery, without halogen and packaging containing residues of dangerous or 2 contaminated substances). 3
According to the MUD declarations and the European Waste Catalogue (EWC) classification 4 a further disaggregation of industrial waste flows was estimated (Table 5) . 5
The evaluation of the waste flows didn't take into account the sludge from urban waste water 6 treatment as well as Municipal Solid Wastes (MSW) because it was not possible to 7 distinguish the amounts produced by the industrial district by the whole amount of MSW 8 produced by Viggiano and Grumento Nova municipalities. 9
Energy consumption is an important indicator to assess the impact of the end-use sectors, with 10 particular attention to energy-intensive activities (e.g. power generation, refineries, steel and 11 aluminium industries, etc..) characterized by high specific electrical and thermal energy 12 consumption. The Alta Val d'Agri industrial district has two power plants: (a) the CHP 13
Azimut, a 5,2 MW natural gas co-generative plant connected to district heating network of 14 about 2 km, and (b) the CC power plant Nuova Azimut, a 7 MW natural gas fuelled plant. 15
The Azimut plant was closed in 2013 and will be dismantled in the near future therefore it 16 cannot be used to supply the district heating thermal energy demand. 17
The total consumption of the industry sector (about 7300 toe) was estimated from the average 18 unitary energy consumption for the whole Basilicata industry sector (e.g. the total energy of use of energy carriers estimated by a direct survey (Fig 7) . 22
Fig 7 highlights that electricity is the most used fuel (71%) followed by natural gas (18%), 23 LPG (10%) and thermal energy from the district heating (1%). This fuel mix represents a 24 major environmental bottleneck due to the unfinished natural gas network that cannot fulfil 25 the whole industrial energy demand. 26
In this evaluation, COVA consumption as well as the consumption of the two other power 27 plants are not included. In particular, COVA consumption was provided by the ENI company 28 (Table 6) Table 7 . 8
The emissions from non-energy process were estimated by using the solvent use as an activity 9 indicator. Their amount constitutes an additional 24,5% of the total yearly emissions on 10 average (data not shown). 11
Besides the evaluation of yearly pollutant emissions the analysis also concerned the 12 localization of pollution sources with a main reference to point sources. caused by the oil extraction activities on air, soil and subsoil matrices in an area of 13 km x 8 2 km surrounding COVA as well as to assess their temporal trends. Table 8 summarises the  3 analysed parameters and the monitoring equipments with reference to the investigated 4 matrices. 5
Some preliminary consideration concerning air quality and surface and wastewater reinjection 6 quality can be made from the analysis of current available data. 7
In particular, in the framework of the activities of the Environmental Observatory (OAVDA, 8 2013), a preliminary analysis of air quality data referred to the period from 28 February to 13 9
June was performed. This analysis highlighted that high concentrations of all pollutants and in 10 particular of volatile organic compounds (C 6 H 6 , NO X , toluene, ethyl-benzene) probably 11 originated by the oil/gas treatment activities were recorded by the monitoring station close to 12 -COVA. Also H 2 S concentrations were higher than the values reported by the World Health 13
Organization (WHO) guidelines (WHO, 2000) and O 3 threshold value was exceeded the 14 allowed highest number of times. 15
As concerns the groundwater quality, the ARPAB data didn't point out significant problems 16 for the Montemurro municipality (ARPAB, 2013a) . Based on the ACCREDIA official data (ACCREDIA, 2013) only 14 companies have adopted 27 quality management systems to improve their performances ( Fig 10) . 28
In addition to that, no company has adopted till now the more restrictive European Ecomanagement system, an environmental audit for the periodic evaluation of environmental 1 performances of the company and an environmental statement. 2
The analysis of the currently available data points out the lack of validated data time series for 3 all the considered environmental matrices to perform a thorough assessment of the state of 4 environment in the case study area, as well as to monitor the evolution of the most important 5 pollutant phenomena. In particular, there is a lack of knowledge about the period before the 6 starting of mining activities and this hampers a full evaluation of the changes occurred in the 7 time and the cause-effects relationships. 8
Responses
9
To compensate the environmental impact of the mining activities as well as to guarantee 10 adequate life conditions and information to the population, a set of measures have been 11
implemented. The main considered strategies with a synthesis of the pursued aim and the 12 planned measures are reported in Table 9 . These include policy strategies aimed to 13 control/improve the environmental conditions, policy and incentives to foster technological 14 innovation, business creation and development and to improve information to the community. for specific actions to promote the territorial development, the environmental certification and 7 to facilitate the settlement of the productive and tourist activities in the case study. 8
With regard to energy issues, financial incentives were granted to boost energy production 9 from Renewable Energy Sources (RES) (large energy distributed generation) in order to 10 valorise endogenous resources and to limit the use of fossil fuels. These incentives fostered a 11 noticeable diffusion of PV systems as reported in Table 10 . 12
The Regional Environmental Energy Plan (PIEAR, 2010) foresees a reduction of energy 13 consumption and bills, by increasing energy savings and energy efficiency in public and 14 private buildings, the production of electric and thermal energy from RES and by creating an 
Conclusions 28
Mining activities are at the same time a resource for the territory and an important source of 29 impacts causing severe damages to the environment as soil erosion, loss of biodiversity, air, 30 soil and groundwater pollution phenomena that may significantly affect local population.
The DPSIR methodology describes comprehensively the cause-effect relationships among the 1 different components including the recovery plans and strategies. In particular, the DPSIR 2 framework highlights weak and strength points facilitating the monitoring of the state of 3 environment, managing the critical phenomena and valorising the endogenous resources to 4 improve environmental quality and standard of living. 5 This paper presents a preliminary environmental impact study and assessment of the Alta Val 6 d'Agri industrial district. The investigation was mainly aimed at identifying the critical 7 factors for the sustainable development of business activities, currently hindered by a 8 insufficient infrastructures. 9
The work performed so far provides a basic reference framework for further investigations 10 and to evaluate the potential risks caused by the mining activities in a vulnerable area with 11 peculiar environmental and geographical features. 12
Additional data (not currently available) is necessary to perform an in-depth characterization 13 of the study area and of the impacts of industrial activities in order to characterize the 14 different environmental matrices and to carry out a complete environmental balance. Further 15 studies will be therefore performed in the future also integrating different methodologies to 16 improve the description of the study area and to define tailored guidelines for its sustainable 17 Administrative and support service activities 1 1 
